IMPROVEMENTS RELATING TO THE SIMULTANEOUS PURCHASING 
AND SELLING OF GOODS AND SERVICES IN AUCTIONS 



Technical Field 

5 

The present invention concerns improvements relating to the simultaneous purchasing and 
setting of goods and services in on-line auctions. It relates particularly, although not 
exclusively, to a method and system for participating in a set of reverse English auctions 
tendering service contracts, and a set of forward English auctions selling component services to 
10 build composite services which fulfil these service contracts. 

Background Art 

During the past decade, large companies have been encouraged by business consultants to focus 
on their core competencies. By trying to do everything (e.g. supply chain management, 

15 customer care, keeping the photocopiers running, producing good food in the office canteen) 
companies run the risk of being 'jacks of at! trades, but master of none'. As a result of this there 
is a danger that other smaller companies focused on the same core business will outperform 
their larger counterparts. To avoid that risk, and to become more competitive, many large 
companies are going through a process of 'dis-aggregation'. In some cases, this can mean 

20 splitting a large company into several parts, each of which can focus on one core business (such 
as the recent move by Hewlett Packard to :>eparate its test and measurement business from its 
computing business, creating a new company "Agilent"). In other cases, it can mean outsourcing 
more and more of a company's activities to other companies, maintaining only those activities in 
which it truly excels. 



25 
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As the trend for outsourcing and dis-aggregation increases, much research and development 
effort has been directed to a new Intemet-b^ed application, that of "e-services". E-services are 
virtual entities that provide a service over the Internet through an open standard interface. The 
service may be information, such as the latejt stock prices, or it may be a virtual representation 
of some physical good or activity, such as a contract to transport a crate from one location to 
another. Because the service is offered through an open standard interface, any client familiar 
with the standard can use it. Furthermore, the output from one service can be fed directly into 
another service. This makes the creation of composite services and complex business processes 



2 

which cross organisational boundaries possible. This has lead to the emergence of an important 
role in the virtual economy - the service composer. While some companies focus on their core 
competencies, other companies can focus on creating composite packages by obtaining services 
from different companies. This is not new - travel agents, among others, have done exactly that 
5 for years. However, there are problems with providing a composition service automatically and 
dynamically over a computer network. The reasons for this are set out below. 

In an automated business to business transaction (whether on-line or via traditional channels), 
participants must go through three conceptually separate phases: "matchmaking", "negotiation" 
10 and "service execution and delivery". These three phases are now described. 

Matchmaking is the process of putting serv ice providers and service consumers in contact with 
each other. For matchmaking to take place, service providers that wish to be dynamically 
located via a computer network must publish details of themselves, and service consumers 

15 wishing to locate such services must search for these details. The service providers will 
advertise a service description, i.e., a formal specification of the nature of the service they offer. 
This information will usually be held in a central matchmaking directory. Some of the services 
advertising themselves for matchmaking v/ill be simple end-providers that can be negotiated 
with directly. Others may be brokers, auction houses and marketplaces that offer a central 

20 location for negotiating with, and selecting amongst, many potential providers offering similar 
services. 

When a company (i.e. a service consumer) wishes to locate a service provider of a certain type, 
it queries a matchmaker with a service rsquest. The matchmaker returns a set of Uniform 
25 Resource Locators (URLs) to negotiations with appropriate service providers. In some cases, 
these negotiations will be one-to-one, while others may be auctions, exchanges, etc. Each 
pointer may also have a contract template dissociated with it, showing the associated terms and 
conditions of the negotiation. Of course, some of these contract terms and conditions may be 
uninstantiated or semi-instantiated, and therefore open to negotiation. 

30 

After the matchmaking phase, a service consumer may be faced with a variety of potential 
negotiations. Its aim now is to procure the b sst service, taking into account factors such as price, 
speed of delivery, etc. To do this, it will participate in one or more of these negotiations. 
Different negotiations will have different market mechanisms, i.e., different sets of rules 
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determining how the negotiation should take place. The simplest mechanism consists of a single 
service, offering itself at a fixed, non-n<?gotiable, price. Other mechanisms might involve 
entering into one-to-one bargaining with potential customers, conducting auctions, or posting 
the availability of services through excbitnges. As a result of the negotiation phase, the 
5 participants agree a contract with terms and conditions that give each participant certain rights 
(such as the right to use a certain service) and obligations (such as the obligation to pay a certain 
price). 

Once the terms and conditions of service execution have been agreed by the participant to 
10 negotiation, service execution can start. Service execution involves interaction between the 
service provider and the service consumer, both parties acting in accordance with the terms and 
conditions established during the negotiation process. Service delivery then takes place. 

Matchmaking is traditionally viewed as a look-up process to find service providers able to meet 
15 a service consumer's needs, prior to the requestor selecting and/or negotiating with them. 
However, if the virtual economy is to encourage dynamic service composition, more flexibility 
will be necessary at the matchmaking stage. For instance, a service provider could have some 
idea of the general services it is interested in offering, but not know the full details. At any 
given time, it could estimate these details based on the current state of markets. In this type of 
20 scenario, the matchmaker must play a mors active role. It must route potential service requests 
to service composers, which then respond with a dynamic service advertisement detailing the 
closest service to the request they can offer. This advertisement should not be treated as a 
binding contract - it is simply an estimate based on the current market situation. Negotiation 
would be required to reach a binding contract. 

25 

In the context of dynamic service composition, additional services (such as the provision of 
insurance) may be imposed on the service description. The service consumer will know that 
these additional services will be filled by subcontractors found by the service composer, but it 
will not know a priori who will provide these additional services. The service composer needs 
30 to be able to dynamically negotiate with potential subcontractors to determine exactly who will 
perform these additional services. Service composers must take into account any restrictions 
that potential customers may wish, in order to place constraints over who provides the 
additional services. For example, a consumer may want to ensure that all subcontractors are 
members of appropriate trade bodies. For this reason, the service provider may need to give 
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information to the consumers during the matchmaking process detailing the names and/or 
details of potential subcontractors. 

In the negotiation phase, the service composer may be involved in many inter-linked 
5 negotiations. For any single bundle of seivices (e.g. flights, transfers from the airport, hotel 
rooms, insurance), the service composer wi.ll be involved in at least one (but more likely many) 
negotiations to acquire instances of each service type. Furthermore, the service composer may 
be involved in simultaneous negotiations to purchase alternative bundles of service components, 
in an effort to find which bundle is best. It would ideally wish to do this in a non-committing 

10 way, that is, to be able to withdraw from negotiations for purchasing individual service 
components if the bid price becomes too high for it to make a profit. However, some forms of 
negotiations (such as auctions) require participants to make a commitment when placing a bid. 
When participating in negotiations of this Jind, the provider of the composite service must take 
care to avoid buying incomplete or overly large bundles of service components. Furthermore, 

15 the service composer may be simultaneously negotiating with potential clients. In this case, it 
must trade off its expectation of winning such negotiations against any commitments it makes 
in the negotiations to purchase service components. 

A service composer buying component services, combining these components and then selling 
20 the combination of components as a com]x>site service, is taking a risk. If they enter into an 
agreement with one or more sellers of component services prior to agreeing with a buyer, they 
may end up purchasing unwanted component services. Similarly, if they enter into an agreement 
with the buyer of a composite service prior to buying the service components, they may be 
forced to renege on the contract and could potentially lose vast sums of money. Furthermore, 
25 with the increasingly widespread adoption of auctions and reverse auctions in electronic 
commerce, the problem becomes even more risky. When placing a bid in an auction (or an 
offer/proposal in a reverse auction) the parties are obliged to honour the bid if it is accepted, but 
the bidder/off eror does not know whether the bid or offer will actually be accepted. This has led 
to the situation whereby businesses engaged in service composition do not tend to engage in 
30 both forward and reverse auctions simultaneously. Instead, they aim to get a provisional 
commitment from at least their buyers or their suppliers. 

Work has been carried out on the problem of the simultaneous automated purchase of 
heterogeneous component services in an auction environment in response to a request for a 
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composite service. Automated bidding is usually achieved by building a software agent that acts 
on behalf of a consumer and is given capabilities such as the ability to search on-line auctions, 
to negotiate with sellers and to make purchases autonomously. The Trading Agent Competition 
(The 2002 trading agent competition- Petw Ston et at., in Proc. 14th Innovative Applications 
of Artificial Intelligence Conference, 2002) presents a problem where an agent must participate 
in several simultaneous auctions to purchase flights, accommodanon, and entertainment. 
Successful agents in this competition include ATTac ("An adaptive autonomous bidding agent", 
Peter Stone et a/., in Proc. of the 5th International Conference on Autonomous Agents, pp. 238- 
245, Montreal, Canada, 2001, ) and SouthamptonTAC ("Designing a successful trading agent", 
M. He and N. Jennings, in Proc. 15th European Conference on AI (ECAI-2002), pp. 8-12, 
2002). However, none of these methods enable the simultaneous negotiation with buyers and 
sellers through on-line forward and reverse auctions. 

An object of the invention is therefore to provide a method for automatically carrying out 
simultaneously negotiations with both buyers and sellers in on-line forward and reverse 
auctions. 



■Summary of the Invention 

According to a first aspect of the invention tbere is provided a method of determining a bidding 
strategy for the simultaneous purchase of at least one individual service component from one or 
more on-line forward auctions, and the provision of a composite service requested by an on-line 
reverse auction, the method comprising: identifying forward auctions selling the at least one 
individual service component; identifying a reverse auction requesting a composite service 
comprising the at least one service component; determining a plurality of possible combinations 
of the identified forward and reverse auctions; estimating the expected benefit of bidding in 
each of the plurality of possible combination of auctions by use of likelihood models, wherein a 
reverse auction is modelled as a negative forward auction and each likelihood model establishes 
the likelihood of a particular bid succeeding in a given auction; and selecting the combination of 
auctions which provides the highest expected benefit, for use as the bidding strategy. 

Preferably, the determining step comprise!; determining all possible combinations of the 
identified forward and reverse auctions. 
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The method is applicable to the selling and purchasing of both goods and services (or a 
combination of goods and services), and therefore the term services is taken to include goods 
and/or services. Hereinafter, the term bid may refer to a bid in a forward auction, and to an offer 
in a reverse auction, unless explicitly stated otherwise. In addition, the term auction (unless 
5 explicitly stated otherwise) may refer to a forward auction, a reverse auction, or to a fixed-price 
sale or purchase. 

As discussed in the introduction, it is very difficult to simultaneously negotiate the purchasing 
of services in forward auctions, and the selling of services in reverse auctions. The method of 

10 the present invention advantageously provides a method of automating this process so that a 
purchaser/seller knows which auctions to place bids in (or not to place bids in) in order to make 
the best profit he can. The recognition that a reverse auction may be modelled as a negative 
forward auction enables such an algorithm to be formulated. If a fixed-price sale or purchase is 
being considered, this is preferably modelled as an auction with 100% certainty of closing at a 

15 price />. 

A further advantage of the method of the invention is that a prior commitment to purchasing 
one or more services may be made before a commitment is made to selling a composite service 
(or vice versa), provided that this is a risk worth taking, i.e., if the risk is outweighed by the 
20 expected benefit. 

The method of the present invention is aided by the provision/use of likelihood models which 
specify the likelihood of obtaining service components, and selling a composite service, at a 
given price. Preferably a separate likelihood model is provided for each auction, whether it is a 
25 forward or a reverse auction. The method may include obtaining the closing prices of forward 
and reverse auctions for services of a similar type to the services of interest, and creating a 
likelihood model for each auction from the closing price information. As closing prices of 
auctions for certain services may not be available for use with the method, the likelihood of 
obtaining such services may be estimated by an expert. 

30 

The method may also comprise monitoring the status of on-line auctions and retrieving auction 
data from each auction, the auction data including the current price for on-going auctions, and 
the closing price in closed auctions in which the bidding strategy has been implemented, i.e., 
auctions in which bids and/or offers have been placed. The closing price in these closed 
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auctions is preferably used to update the likelihood models for that particular auction, giving a 
more accurate model and therefore a more accurate estimate of the benefit of placing bids (or 
holding bids) in the possible combination of auctions. 

5 The method of the present invention preferably includes using rules for determining which 
individual components may be used to form a composite service. The composite service may 
comprise a single service component. In a preferred embodiment of the invention, the rules may 
be used to reduce the number of possible combinations of auctions considered, and thus to 
provide a method that is more efficient and therefore faster to execute. The number of possible 

10 combinations of auctions considered may be carried out by removing from the possible 
combinations of auctions, sets of auctions for which the individual service components do not 
match the composite service request. In this case, all of the sets of auctions considered in the 
considering step preferably include at least one reverse auction, and at least one forward auction 
offering an individual service which may be combined (or used singly) to form a composite 

15 service to fulfil the reverse auction request. This more efficient method may be further 
improved by advantageously ignoring any g ain in expected benefit of the unplanned purchase of 
individual components, and the selling of < composite services which satisfy each other. These 
steps may be carried out prior to placing bids in any of the identified auctions. This provides the 
benefit of being able to calculate the expec ted benefit of the possible combinations of auctions 

20 in advance, and there is therefore less chance of placing a bid that will lead to the purchase of an 
unusable component, or of making an unfulf liable offer in a reverse auction. 

Preferably, the forward and reverse auctions are forward and reverse English auctions, 
respectively. In an English auction, the auctioneer commences with the lowest price that would 
25 be acceptable to the seller, and bidders are: at liberty to raise their bids until there are no more 
offers. The winner of the goods is the bidder who has put forward the highest bid. hi a reverse 
auction, potential suppliers must offer prices, undercutting the lowest current offer. An offer is 
binding if the auction closes and it is the lowest offer. 

30 According to a second aspect of the invention there is provided a method of bidding as specified 
in Claim 18. 

Preferably the method of bidding is carried out by an agent. However, this method may be 
carried out by a separate software (or even hardware) module, and the bidding strategy provided 



PDNO 300201478 



8 

to one or more agents to implement at the various auctions. The agent preferably places the bids 
to buy the service components as cheaply as possible, and if there are several reverse auctions 
for similar composite services, it will try ito sell them for as much profit as possible given the 
competition. If it is outbid in a given auction, the agent preferably considers whether it should 
5 increase its bid in this auction, bid elsewhere, or try to withdraw from other related auctions and 
reverse auctions. The method may include not placing a bid, if the leading bid is already held by 
the agent. 

According to a third aspect of the invention there is provided a system for determining a bidding 
10 strategy for the simultaneous purchase of at least one individual service component from one or 
more forward on-line auctions, and the provision of a composite service requested by an on-line 
reverse auction, die composite service comprising at least one individual service component, the 
system comprising: likelihood models for the forward and reverse auctions, each model being 
arranged to determine the likelihood of a particular bid succeeding in a given auction; and 
15 processing means arranged to access the Likelihood models; to consider a plurality of possible 
combinations of forward and reverse auctions; estimate the expected benefit of bidding in each 
of the plurality of possible combination of auctions by use of the likelihood models, wherein a 
reverse auction is modelled as a negative forward auction; and to select the combination of 
auctions which provides the highest expected benefit, for use as the bidding strategy. 

20 

The present invention may also be considered to cover a data carrier comprising a computer 
program arranged to configure a computer t o implement the methods described above. 

In a further aspect, the invention provides method of deteraiining a bidding strategy for the 
25 simultaneous purchase of at least one individual service component from one or more forward 

auctions, and the provision of a composite: service requested by a reverse auction, the method 

comprising: identifying forward auctions selling the at least one individual service component; 

identifying a reverse auction requesting a composite service comprising the at least one service 

component; determining a plurality of possible combinations of the identified forward and 
30 reverse auctions; estimating an expected benefit of bidding in each of the plurality of possible 

combination of auctions; and selecting a combination of auctions for bidding in to increase a 

total expected benefit. 
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la a still farther aspect, the invention provides a system for determining a bidding strategy for 
the simultaneous purchase of at least one: individual service component fiom one or more 
forward auctions, and the provision of a composite service requested by a reverse auction, the 
composite service comprising at least one individual service component, the system comprising: 
likelihood models for the forward and reverse auctions, each model being arranged to determine 
the likelihood of a particular bid succeeding in a given auction; and processing means arranged 
to access the likelihood models; to consider a plurality of possible combinations of forward and 
reverse auctions; to estimate an expected braefit of bidding in each of the plurality of possible 
combination of auctions by use of tire likelihood models; and to select a combination of 
auctions for bidding in to increase a total expected benefit. 

Brief Description of Drawings 

Presently preferred embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying Figures, in which:- 

Figure 1 is a diagram of a client-server system suitable for implementing the presently preferred 
embodiment of the present invention; 

Figure 2 is a flow diagram showing an overview of the method of simultaneously purchasing 
multiple services and selling a composite service according to the presently preferred 
embodiment of the invention; 

Figure 3 is a likelihood function showing the probability P(x) of buying a service component at 
a price x as used in the method of the present invention; 

Figure 4 is a graph showing individual service flights legs fiom London (LHR) to San Francisco 
(SFO) and Los Angeles (LAX) which are utilised in the implementation of a presently preferred 
embodiment of the invention to form a composite freight service; and 

Figure 5 is a flow diagram showing the stisps of providing the composite freight service of 
Figure 4. 
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Detailed Description of Preferred Embodinaaats 



Referring to Figure 1 of the drawings, there is shown a client-server system 10 which is suitable 
for implementing a presently preferred embodiment of the invention. The client-saver system 
5 10 comprises a client computer 12 which is: connected to a plurality of servers computers 14a, 
14b, 16a and 16b via the Internet 18. 

Server computer 14a hosts a first reverse auction Web site 20a on behalf of a first composite 
service buyer 38a, and servo* computer 14b hosts a second reverse auction Web site 20b held on 

10 behalf of a second composite service buyzr 38b. Server computer 16a hosts a first English 
auction Web site 22a held on behalf of a first service component seller 40a, and server computer 
16b hosts a second English auction Web site 22b held on behalf of a second service component 
seller 40b. The reverse English auction Web sites 20a and 20b advertise service contracts (or 
Request for Quotes) on which a third party 42 is invited to make offers. The English auctions 

1 5 hosted by Web sites 22a and 22b offer for sale individual service components 34. 

The client computer 12 is optionally connected to a database 24 by way of a further connection. 
The database stores rules 30 relating to how individual service components 34 can be combined 
to form a composite service 36, and also information 31 regarding closing prices of previously 
20 held forward and reverse English auctions for service components 34 and composite services 
36, and likelihood models 44 which will be described later. Alternatively, the rules 30, 
information 31 and likelihood models 44 may be provided on the client computer 12. 

Double headed arrows in the Figure indicate that data can be exchanged in both directions 
25 between the client computer 12 and the server computers 14a, 14b, 16a and 16b, and between 
the client computer 12 and the database 24. 

At the client side of the system 10, there is provided agent software 26 which implements an 
agent 27 (hereinafter the terms agent software and agent are used interchangeably). The agent 
30 27 has the capability to place bids in Enj'Jish auctions 22a and 22b to purchase individual 
service components 34, to combine the service components 34 to form a composite service 36, 
and to offer the composite service to fulfil contacts (or RFQ's) advertised in reverse English 
auctions 20a and 20b. The agent software 26 also implements algorithms 28 and 46 for 
determining which of the forward and reverse English auctions to bid in. 
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An overview of the method of the invention will first be described with reference to the flow 
diagram of Figure 2. 

5 The method 100 commences with service buyers 38a and 38b advertising at Step 110 a request 
for quote (RFQ) for specific services on their auction Web sites 20a and 20b, inviting service 
composers 42 to offer to fulfil the quote. The agent 27, which is monitoring the composite 
service buyers* Web sites 20a and 20b, logs on at Step 112 to service buyers* Web sites of 
interest. It may be, for example, that the service composer 42 is only interested in composing 

10 travel services for companies based in the United Kingdom, in which case only composite 
service buyers falling into this category will be considered by the agent 27. The agent 27 may 
log on to a composite service buyer's Web site at anytime within the duration of an auction 
(which can last from one hour to several wwks). 

15 In Step 114, the agent 27 logs on to English auction Web sites 22a and 22b held by service 
component sellers 40a and 40b. Step 1 12 in not necessarily carried out before Step 114. That is, 
the agent 27 may log on to the English auc tion Web sites 16a and 16b before it is aware of the 
request for quotes advertised in Step 1 10. 

20 The agent 27 then simultaneously negotiate s at Step 116 with the service component sellers 40a 
and 40b (i.e. placing bids for service components) and the composite service buyers 38a and 
38b (i.e. making offers to fulfil service contracts) to make the highest profit it can. The ultimate 
aim of the agent 27 is to buy service components 34 from the service component sellers 40a and 
40b at the lowest possible prices, and to sell the composed service 36 to the service buyers 38a 

25 and 38b at the highest possible price. 

The service composer 42 (via the agent 27), may be notified of, and able to view, the bids of its 
competitors and respond with counter bids in a quest to be the lowest bidder and secure the 
service buyer's business, although die identities of the service composers may be hidden from 
30 one another for commercial reasons. 

In the negotiation Step 116, the agent 27 must decide whether to enter into negotiation with the 
potential composite service buyers 38a and 38b and potential service component sellers 40a and 
40b, and if so, which offers and bids it should place. For instance, should the agent 27 attempt 
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to win the contracts offered by the first composite service buyer 38a and the second composite 
service buyer 38b, or just one contract? How should the agent 27 place its bids and offers to 
maximise the likely profit? The algorithm 28 that is able to make such decisions is now 
presented. 

5 

hi order to specify the algorithm 28 that may be implemented automatically by an agent 27, 
certain assumptions are made on the nature of the environment in which the service composer 
42 operates: 

• It is assumed that all transactions take p lace through English auctions, reverse auctions and 
10 fixed-price sales; 

• One-to-one negotiation or double auctions (i.e. where both sellers and buyers submit bids 
which are then ranked highest to lowest to generate demand and supply profiles) are not 
considered; 

• It is assumed that there are a sufficiently large number of buyers and sellers, and sufficient 
15 stability in the environment, to allow statistical profiles of expected outcomes in auctions to 

be built 

It is assumed that the agent 27 is participating in a set of auctions, A (i.e., reverse auctions 20a 
and 20b, and forward auctions 22a and 22b). These auctions preferably all start at 
20 approximately the same time, but may finish at different times. Some of these auctions are 
forward auctions (auctions 22a and 22b), s elling a single good or service 34, while others are 
reverse auctions (auctions 20a and 20b), requiring a single composite good or service 36. 

The forward auctions are English auctions 22a and 22b with a fixed closing time. Participants 
25 42 can place bids at any time, provided the new bid is a minimum increment, „ above the last 
bid. The units are chosen in which this minimum increment is one. This value is made for ease 
of presentation of the algorithm 28, and it might be different for different auctions. Utilising a 
different value for , would complicate the presentation of the algorithm 28, but not 
fundamentally change it. It is also assumed that the bid increment of each auction is very small 
30 with respect to the value of the good or senice 34 for sale. At the auction closing time, the good 
or service 34 for sale is sold to the highest bidder 42 at the price they have bid. 

The reverse auctions are reverse English auctions 20a and 20b with a fixed closing time. 
Auction participants 42 can place offers at any time, provided the new offer is a minimum 
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decrement (chosen to be one as above) below the last bid. At the closing time, the lowest offeror 
42 is given a contract to provide the required composite good or service 36 at the price they 
offered. 

5 To simplify the mathematical notation used herein, reverse auctions are modelled as 'negative 1 
English auctions. A contract to provide a good, g 9 is thus represented as the sale of a negative 
good, 5g. Participants 42 in the auctions place negative bids, which must increase (i.e. move 
towards zero) by at least the minimum biid increment Fixed-price sellers are modelled as 
auctions with a known and certain closing price. 

10 The following mathematical notation is used herein. Let x be an element or member of a set A. 
This is written xOA. TfA is a subset of (i.e. contained in) B 9 this is denoted by A $ B. The union 
of A and B can also be defined, which is written A%B. This means the set of all objects which 
are elements of A or of B y or of both A and B. Now define the intersection of A and B> denoted 
by A IB. This means the set of all objects which are in both .4 and B. The expression f: A-+ B 

15 means where f is a function from A to B 9 i.e., to each member a of A, f assigns a value 1(a) in B. 
i means "there does not exist". V is read us "for all". 0 stands for the empty set, i.e. the set 
which has no members. Lastly, the relative complement A \ B is defined, giving the set of all 
objects that belong to A but not to B. 

20 Now let the technology, T y of the agent 27 consist of a set of rewrite rules 30, each with an 
associated cost. The rewrite rules 30 are of the form ({a} c= {fri,~.,*„},c) where a 9 £m,..., are 
(non-negative) goods or services. The rule 30 is read as stating that the agent 27 has the 
technology to produce good a from the bag of goods at a cost of c. A bag of goods (not 

a set of goods) is considered because a composite service 36 may use several identical service 

25 components 34. Also added to T are all rules 30 of the form (d c= {g, -.$},<>) for all goods g. 

These rules 30 represent the fact that the agent 27 can satisfy a contract, 5g, if they are able to 
generate a good, g. 

Given a bag of goods G, G' is a one-step rewrite of G at cost c if: 
30 (A <= B 9 c) &T 9 B^G 9 and <T = AvG\B 
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G" is a rewrite of G at cost c(G") if it is a one-step rewrite of G at cost c, or there is some rewrite 
GT' of G at cost c(G"- ; ) such that G" is a one-step rewrite of G"' 1 at cost c(G") - e(<r ')• The 
definition holds for n 3 1 , with G° := G. 

Note that the rewrite relationship is not symmetric i.e., if G can be rewritten to create G\ it does 
not follow that G' can be rewritten to create G. Moreover, the assumption is made that applying 
successive rewrites to a bag of goods will never result in die original bag. That is, 

IGsuch thatG" = G, V» > 0. 

Let ff\G) be the set of all rewrites of G. To each possible bag of goods G there is associated a 
number v(G), otherwise known as the exogenous valuation to the agent 27 of these goods. This 
defines the value the agent 27 receives from making use of these goods (and contracts, 
represented by negative goods) outside the auction environment explicitly represented. The 
exogenous valuation of a good may be positive, if it is easy to sell on and has an expected 
market price. It may be negative, representing the dumping cost, or zero, if the good has no 
value but can be freely disposed of. The valuation of a supply contract, 5*. will be negative, 
representing the cost of fulfilling the contract on the open market, or the de-commitment 
penalty associated with dropping the contract . 

In the service composition environment, it is expected that the exogenous valuation of goods 
and contracts is going to be poor and that most of the agent's 27 profit will be made through 
sales in the reverse auctions. Hence, it is in the interests of the agent 27 to buy bundles in which 
the agent's technology can pair contracts won in reverse auctions with compositions of goods 
won in forward auctions. 

The valuation V(G) of a given bag of goods, G, is given by: 

K(<?) = <r%) (v(G,Mc?)) 

In other words, it is the valuation produced by optimum application of the agent's 27 technology 
onG. 

Now a bid set is defined to be a pair (A, p), where A 8 A and p: A => z is a price function (where 
Z is the set of all integers, and A is the set of forward and reverse auctions considered by the 
agent) is a price function, representing the price the agent 27 is bidding in each auction in A. 
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Note that technically, the bid set is a "bid and offer" set, but for each of presentation it i; 
referred to as a bid set. 



The "utility" (i.e. the benefit) to the agent 27 of winning a bid set (A, p) i 



u(A,p)* V(A)- Z 9(a). 



The agent 27 maintains a likelihood model 44 (P a ) of the expected outcomes of each auction, 
based on past performance of similar auctions. This is implemented by associating a price 
distribution i> fl : Z => [0,1] to each auction a 0 A, representing the belief mat, with probabiUty 
Pa(p), auction a will close at price p. An example of a likelihood model (or function) 44 is 
shown in Figure 3. The function P fflustrates the probability of purchasing a good or service in a 
forward auction a for £1 is zero, and the probability of purchasing the same good or service in 
the same auction for £250 is one. That is, the auction will certainly not be won if a bidder bids 
£1, whereas the bidder is certain to win if he makes a bid of £250. The agent's 27 believed 
probability that auction a will close at or above price p is given by FJp) « 2>^ ip PJj, t ). For 
subsets A SA, P A (p) is defined to be the believed probability that the auctions in A will close at 
the prices specified by a price function p:A.x>Z: 

PA<S>)-=Z*APJ&a)) (1) 

and likewise F A the probability that that me auctions in A will close at or above the prices 
specified by p: 

Mpy-tiuFM*)) (2) 

If the price in auction a is q, then the agent 27 believes that the probabiUty of a bid at pricey ^ q 
winning is: 

Pwi*(a, P, q) := P&M F a (q) (3) 



Similarly, for a collections of auctions A with current prices q : A I (where I is the set of all 
real numbers) the probability of the auctions closing at prices p is : 

PwiM, p, q) ~- P 4 (py F A (q) (4) 
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A fixed-price seller is modelled as an auction with 100% certainty of closing at p which will 
guarantee a sale of a given good at a price p. 

It is now considered how the agent 27 can use the beliefs defined in equations (3) and (4) to 
calculate information about expected future utility of deals it may win. Firstly, the notion of the 
expected utility E(BAq) of a set of auctions B, gives a set of observed prices q and given that 
the agent 27 holds active bids in auctions A y is defined as follows: 

E(B,A,q) - J%B) -C(BlA 7 q)- C(B\A, q + 1) (5) 

where the function GG&q 1 ) is the expected cost of winning the auctions S at prices greater than 
or equal to q': 

C(£q'>= Z £ lW4rf*X4(«))*«0 (6) 

The expected utility of a set of auctions is th us the value of the bundle of components 34, minus 
the expected cost of winning the components in each of the auctions. The latter is calculated by 
using the believed probability (or likelihood) that the auction will finish at each given price, if 
the agent 27 places a bid at that price- The restrictive condition p % > q is imposed for auctions B \ 
A in Equation (5) because it is known that the agent 27 does not hold bids in these auctions at 
prices q, and so has no probability of winning at these prices. 

The expression (5) gives some idea of the intrinsic value of a bundle of goods B 9 but is not the 
expected return for placing a single bid in the auctions in B . In general such abid does not have 
an expected return: it is thus necessary to reason over complete strategies. 

Consider the expected value (given that prioss are currently q, and the agent 27 holds the active 
bids A) of the following strategy. The agem: 27 chooses a set of auctions B and for all future 
time steps, will always bid on any elements of B in which it does not hold active bids. If the 
agent 27 sticks to this commitment, then its future choices are known, and so precise formulae 
for expected return can be calculated. 

Let 5 be a possible set of auctions that the agent 27 may win using the above strategy, i.e., B 5 S 
SAxB. The probability that the auctions S \ B will not be outbid, while the auctions A \ S are, 

is: 
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PUS 9 A, q) = (FMq + 1) /Wq)) / 

Given this eventuality, the expected utility is evaluated in the same way as (5), except that 
instead of V{B\ the value obtained is V{S) y and additional costs are incurred for each auction in 
S\ B that is won. 

It follows that the expected value for following the commitment to B is: 

EdBM^E^A^ £ Pret(SMA{V{S)-V{B))~ £q(a)l m 

BaSczAvB \ a *S\B J K h 

The terms in the above expression for whic h S « B are the desired outcomes. The other terms 
correspond to obtaining some non-empty collection S \ B of goods that do not contribute to the 
desired bundle B y although they could still provide positive value. It is anticipated that in the 
service composition arena, where goods/services tend to complement one another, the slight 
increase of V(S) with respect to V(B) will not be large enough to compensate for the increase in 
°° sts Zaes\B<& a )> mA each of &ese terms would have a negative impact on the expected value 
of the commitment. This will certainly be the case for negative goods appearing in S \ B, 
representing the possible winning of a reverse auction not appearing in the desired bundle (and 
therefore the need to satisfy it on the open maiket or to pay the de-commitment penalty). 

The algorithm 28 proposed herein is that at each time step the agent 27 calculates the 
commitment to auctions B which has largest expected utility, E<(BJi 9 q), given the currently held 
bids A and prices q, and places the minimal bids required to take the lead in B \ A (i.e., the set of 
auctions B not including A, as the agent 27 already holds bids in A). 

In practice this means the agent 27 will initisJly identify the set of options which maximise its a 
priori expected utility. These options will consist of a reverse auction for a given composite 
service 36, together with a set of English auctions for the required components 34. It will place 
bids in these forward/reverse auctions and will continue to compete in these auctions, placing 
more bids when outbid. However, if sufficient competing bids are placed to reduce the expected 
utility of this set of auctions, then it may chrage to another set of auctions which can generate 
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the same composite service. The agent 27 wi ll do this if the expected gain from changing to this 
new bundle outweighs the expected cost of currently held bids which appear in the old bundle 
but not in the new bundle. If competing bids are placed in one of the reverse auctions the agent 
27 is participating in, and the expected vstlu f that auction decreases sufficiently, it may 
5 withdraw from that reverse auction. The agent 27 may use the associated forward auctions in 
another option, or may withdraw from them as well. 

In practice, if the number of auctions is large, it will be difficult to evaluate Equation (7) for 
every alternative bundle given realistic computational resource bounds. Ideally, if there existed 
10 perfect information and unlimited computation time, the outcome of Equation (7) could be 
calculated accurately. However, if the algori thm 28 is to be used in realistic circumstances, it is 
necessary to develop a simplified version which is more tractable. The efficiency of the 
algorithm 28 can be improved by making two simplifying assumptions: 

15 1 . Every possible bundle of auctions is not considered, but attention is restricted to a promising 
subset of these bundles. Only those bundles which can be transformed using the rewrite rules 30 
into the empty set, (i.e., the candidate class) is focussed upon. The promising subsets will 
contain at least one reverse auction, and at least one English auction selling exactly the correct 
components to satisfy the request for quote. This is different to the aforedescribed method, 

20 where every combination of auction is considered by the algorithm 28, leading to possible 
subsets containing perhaps only a single auction, or a reverse auction together with a set of 
English auctions selling individual components which would not satisfy a request for quote. 

2. When considering the expected utility of switching to a possible bundle, any utility gain of 
25 the unplanned purchase of items in the set of auctions S\B 9 beyond their immediate exogenous 
utility, is ignored In other words, the algorithm 28 ignores any utility gain from the unplanned 
purchase of goods 34 and contracts which satisfy each other. 

The first assumption is valid if it is assumed that the exogenous valuation of any good 34 or set 
30 of goods will always be less than or equal to their purchase price in the auctions being 
considered by the agent. This also applies to negative goods - the cost of satisfying a contract 
exogenously should be greater than or equal to the contract price in a reverse auction. In this 
situation, no utility can be gained by purchasing a good or set of goods for the purpose of 
disposing of them exogenously (i.e., it is not worth buying goods in auctions to sell on the open 
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market for the exogenous valuation). Because of this, any set of auctions will always contain a 
subset of auctions with equal or higher expected utility which can be transformed via the rewrite 
rules 30 into the empty set. 

Note that the first assumption can be made without loss of generality. If a particular good b has 
an exogenous valuation v(b), which can at limes be greater than its purchase price in an auction, 
an endogenous fixed-price buyer willing to purchase b for v(6) can be added to A, the set of 
auctions considered by the agent (this is represented as an English auction for 5b with a 100% 
probability of closing at -*&)). If a set of goods {&,,...,&„} is super-additive (i.e. *<{*,,...,&„}) > 
v(*i) + ... + v(6„) this is represented as a rewrite rule ({q} <= {b u ...J>„}, 0} together with a 
fixed-price buyer for q at v({*i»-A»}). 

The second assumption allows simplification of equation (7) to give: 

£c(B,A,q) = E(B,A,q) + Z/U(fl,q(a),q(a)Xv(a)-q(a)) (8) 
ae4\B 

This is believed to be, in almost all circumstances, a good approximation for equation (7). It is 
very unlikely that an agent 27 will decide to withdraw from a reverse auction and set of forward 
auctions able to satisfy it, and then win all the relevant auctions because no-one else bids in 
them. Hence the positive contribution of this to the expected utility will be small and therefore 
safe to ignore. Note that because of this, equation (8) will yield a value of E c slightly less than 
or equal to that given by equation (7). 

The above two assumptions greatly simplify the computation of the optimal bid set. It is no 
longer required to calculate the endogenous valuation of all bundles, only those in the candidate 
class. Calculation of (8) for a given bundle only needs one endogenous valuation, as opposed to 
the 2 1 * v 81 valuations required by Equation (7). 

Furthermore the candidate class of bundles, together with their endogenous valuations, can be 
generated prior to participation in the auctions provided that the set of auctions is known. It is 
sufficient to exhaustively backward-chain the rewrite rules 30 from the empty set, while 
simultaneously keeping track of the incremental cost of transformation. This will generate all 
bundles which can be transformed into the empty set, together with their cost of transformation. 
The (negative) endogenous valuation of a given bundle will simply be the minimal cost of 
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transformation to the empty set. An algorithm (in pseudo-code format) 46 for the computation 
of the candidate bundle set and for the valuation of the bundles is now presented. 

The pseudo-algorithm 46 presented below computes all the candidate bundles (i.e. the 
promising subsets of auctions which contain a reverse auction and a set of forward auctions that 
sell components which, when combined, will satisfy the request for quote advertised in the 
reverse auction) while associating a valuation to the bundles. Let C be the set of the candidate 
bundles and Wand Xbe the working sets to contain bundles that will end up in C after having 
generated other candidate bundles. O is the bag containing all the current offers to fulfil a 
contract in a current reverse auction that are available to the agent 27. Notice that the same basic 
component 34 might appear more than once; in O . T is the set of the rewrite rules 30. Given a 
bag of goods or bundle G 9 K(G) is the valuation of the bundle. J(G) is the set of the 
justifications for G. A justification for a bundle is a couple (<?>) such that where G is a rewrite 
of G through r. Given a rule rOT, c(r) is the cost associated with the rule. Let H be the bag of 
goods or services that appear as head of the niles in T. 

C- % (Initialise the candidate set to be the empty set) 
F(e) = 0 (Set the valuation of the empty set bundle to 0) 
W= (0) (Initialise the working set W\o contain the empty set) 
For each good or service currently requested in a reverse auction oinO 
For each bundle G in W 

Let G-Gx 1p>-*o] (Create a new bundle G' by adding the couple {o,-*>} to the 
bundle <?) 

Let J(G) - ft (Initialise the justification set of G' to be empty) 

Let W= Wx {C}(Add the nerw bundle G' to the working set W. W now contains 

all achievable bundles of the kind {0,-^0}) 

Repeat 

Let G be a bundle in W 

For each (positive) element a in G 

Let R <{> T be the set of rules having a as head 

For each rinR 

Let D be the body of r 
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Let G = G % D \ {a} (Create a new bundle G' by adding the elements of 
the body of r to G ami removing a from it) 

If G included in O % .17 then (If the bundle G'now only contains elements 
that are either currently requested in a reverse auction or obtainable 
through rewriting, i.e, they are the head of one of the rules) 

Let J(G)=J(G)x {(GJ)} (Add the bundle G and the rule r as a 

new justification for G*) 

Let W~ W% <?' \ G (Add G' from the working set W, remove G) 
LetX=XxG (Add G to the working set A) 
Until W= 0 (Jfnow contains all the candidate bundles with their justifications). 

This last section of the algorithm 46 is guaranteed to terminate because of the assumption that 
continuing to apply rewrite rules 30 to a bundle will never result in the original bundle. 

Now fee valuations for the bundles are computed from their justifications: 
Repeat 

Let G be in* such that for all (G>, r) in J(G), G is not in X(G is a bundle in Xfor which 
none of the bundles that are used as its justification, i.e., the rewrites of G, appear in X. If G 
is not the empty set, G is guaranteed to exist in X by the assumption set out previously). 

If J{G) - ©then let V(G) = 0 (If G does not have justifications, set its valuation to 0) 

Else 

V(G) = max ( G» in AG> (V(G) - c(r)) (For each bundle G' that appears as a 
justification for G, consider sis potential valuation for G the difference between 
the valuation of G' and the cost of rewrite of G into G', c(r) in the formula above. 
Set the valuation for G to be the maximum of these potential valuations. Notice 
that the valuation of G f has been assigned since G' is not in X) 
Let X = X \ {G} (Remove G from the working set X) 
Let C= Cx {G}(Add G to the candidate set C) 
Until JT= 0 (At this point C is the candidate: set, and for each candidate bundle a valuation has 
been assigned). 

By way of example only, a scenario is now presented that demonstrates the need for 
sophisticated simultaneous negotiation in both forward 22a and 22b and reverse 20a and 20b 
PDNO 300201478 
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English auctions, and which utilises the simplified algorithm 46. 

"FreightComposer* is an imaginary transport company that ships goods around the world on 
behalf of its customers. Unlike some other transport companies, it owns no transport 
infrastructure. Instead, it exploits cheap last minute sales of excess hold space to meet the needs 
of its customers. Because it cannot guarantee that hold space will be available cm a particular 
route, it may connect together several flight legs 34 to get the package to its destination and may 
thereby perform the function of a composite service provider 42. While it may not be the 
quickest service, it aims to be the cheapest The method 200 implemented in order to provide a 
composite service is shown in Figure 5, and will now be explained. 

FreightComposer 42 acts in two distinct stts of markets. In the markets for end-to-end cargo 
services, it acts as a potential seller. In this respect, FreightComposer's agent 27 logs on at Step 
210 to reverse auctions 20a and 20b, and observes the advertised requirements of potential 
customers (i.e., composite service buyers 38). In the markets for hold space on flights (and 
possibly ships), the agent 27 acts as a potential buyer. In this respect, it logs on at Step 212 to 
forward auction Web sites 22a and 22b, said observes the availability and cost of different 
°Ptions in these markets. Some sellers 40 ^viD sell hold space at a fixed price, rather than by 
way of forward auctions 22. 

Li its role as a service composer 42, FreighlComposer must (a) understand requirements of the 
potential customers which are currently requesting services in end-to-end cargo markets and 
identify a service which could meet their netrfs; (b) identify the alternative ways this service can 
be created from component services (i.e. hold space on specific flights); and (c) identify 
potential sellers of these component services in die markets for hold space on flights. By 
analysing the various markets, FreightComposer can determine potential trading options. Each 
option will consist of the following: 

• A potential buyer, or set of buyers 3S a and 38b who are currently requesting a service in 
the end-to-end cargo marketplaces; 

• A service specification which meets the needs of these buyers; 

• One or more alternate decompositions of this service into component services; and 

• A list of sellers 40a and 40b in the markets for hold space who are offering to sell 
individual component services 34 appearing in these decompositions. 
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For example, assume that the FreightComposer agent 27 observes (during Step 210) a first 
"Request For Quote" on-line reverse auction 20a for sending a 1 tonne crate from London to 
San Francisco, with fee best offer current^ at £230, and a second on-line reverse auction 20b 
for sending a 1 tonne crate from London to Los Angeles (during Step 212), with die best offer 
currently at £260. 

Using its database 24 of rules 30, the agent 27 identifies at Step 214 alternative combinations of 
individual flight legs 34 Oat might potentially meet these needs. The agent 27 identifies a direct 
route from London (LHR) to San Francisco (SFO), together with alternative routes via Chicago 
(ORD), New York (JFK) and Boston (BOS). It finds no appropriate direct flight from London 
to Los Angeles (LAX), but finds flights from Chicago to Los Angeles, and from San Francisco 
to Los Angeles. The rewrite rules 30 for this particular example are given below: 

1. sfo <= {a, b} 

2. sfo<= {c} 

3. ord <= {«} 

4. ord <= {d} 

5. sfo c= {ord,f} 

6. la <= {ord,g} 

7. la <= {sfo, h} 

Looking at the first rewrite rule, a journey from London Heathrow to San Francisco may be 
undertaken by combining individual flight Ug a from London Heathrow to Boston, and another 
individual flight leg b from Boston to San Francisco. The second rewrite rule means that a 
journey from London Heathrow to San Francisco may comprise direct flight. 

The agent 27 then checks at Step 216 the forward auctions on Web sites 22a and 22b for excess 
hold space, and finds mat appropriate auctions exist for all legs except LHR to JFK. Each 
auction is for exactly 1 tonne of hold space. The individual flight legs 34 available are shown in 
Figure 4. 

The agent 27 now has an option consisting of a reverse auction 20a for a shipment {LHR-SFO}, 
three alternative ways of generating the required service from component services ({LHR- 
SFO}, {LHR-ORD & ORD-SFO} or {LHR-BOS & BOS-SFO}), and potential sellers 40a and 
40b for each of the component services. It also has an option consisting of the reverse auction 
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20b for a shipment {LHR-LAX}, and four alternative ways for generating the component 
services (e.g. {LHR-SFO & SFO-LAX} or {LHR-ORD & ORD-LAX}). 

Based on the past histories of similar auctions to the ones mat were found at Step 216, the agent 
27 creates at Step 218 likelihood models 44 from closing prices 31 of previously held auctions, 
hi addition, the agent 27 creates beliefs 44 about the expected distribution of the two reverse 
auctions 22a and 22b it is considering participating in, again from the closing prices 31 of 
previously held auctions. If the likelihood models have been created in advance, Step 218 will 
comprise retrieving the likelihood models 44 from a database 24. The reverse auctions are 
represented by negative prices in the likelihood models. This signifies that FreightComposer 42 
will receive money if the agent 27 wins an a uction. 

Imagine that the closing prices 3 1 of previously held forward auctions for individual flight legs, 
and reverse auctions for composite flights, are uniformly distributed over the following sets: 

a:{40, 45, 135, 140} (LHRtoBOS) 

b: {20, 25, 95, 100} (BOS to SFO) 

c:{130, 135, 140, 145, 150} (LHR to SFO) 

d:{50, 55, 105, 1 10} (LHR to ORD) 

e:{80, 85, 115, 120} (LHR to ORD) 

/•{30, 35 65, 70} (ORD to SFO) 

g:{20, 25, .... 135, 140} (ORD to LAX) 

A: {70, 75, 80, 85, 90} (SFO to LAX) 

5fa:{-250, -240, .... -200, -190} 

Ssfo:{220, -210, -200, -190, -180} 

Now that the agent 27 has identified possible components that may be combined (or used 
singly) to form a requested composite service, it is ready to negotiate simultaneously with the 
buyers and sellers. Before bidding begins, ihe agent 27 holds no bids. It is assumed that the 
current price function <*, lies just below all of the above prices. For the purposes of this 
example, it is also assumed that the cost of c omposing a service 36 is zero, and hence the rules 
30 have no associated costs. 

The algorithm 46 described above is used to identify at Step 220 the candidate sets. That is, the 
sets of auctions containing at least one reveise auction, and at least one service component 34 
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which, when combined (if there are multiple service components 34) or used singly, form a 
composite service 36 which can be sold in *he reverse auction to fulfil a request for quote, for 
example. As the agent 27 has not yet placed bids in any of the auctions 20a, 20b, 22a and 22b, 
equation (5) is used to evaluate at Step 22 the expected cost of participating in all of the sets of 
5 auctions in the candidate set This allows the determination of which set has the optimal 
expected payoff. In this case the optimal set is {d, g 7 c, Ssfo 9 51a}: it has an expected pin-chase 
cost of 80+8OH 40-200-220 = -£120. Hence, participating in these mictions and committing to 
purchase the complete bundle of individual] flights from London to Boston, Boston to Los 
Angeles, and London to San Francisco, ami to sell the composite services requested for London 
10 to San Francisco and London to Los Angela, gives an expected payoff of £120. The agent 27 
therefore places at Step 224 initial bids in these five auctions. 

Now assume that the auctions have progressed, so that auction g now has a leading bid of £105 
held by another party (giving an expected purchase price of £125) and the agent 27 holds 

15 auction c with a bid of £130 (still giving an expected purchase price of £140). The agent 27, at 
each time step, observes the bids, B, it currently holds in all the forward and reverse auctions, 
together with the current auction prices q. The agent then assesses the expected utility using 
equation (7), and determines which candidate; bundle has the highest expected utility (or benefit) 
(i.e. Step 222 is repeated). The agent 27 fhm places bids in the set of optimal auctions which 

20 appear in this bundle in which it does not currently hold the highest bid (i.e. Step 224 is 
repeated). The algorithm's 28 behaviour in tliese two cases will now be explored. 

Firstly, assume the reverse auction 22b for {5la} has a leading offer of £210 held by another 
party. This gives an expected closing price of £195 if the agent 27 continues to participate in it. 

25 Hence, the expected profit of the bundle the agent 27 is currently pursuing is now £50. It is 
clearly possible to do better than this, as the profit from the sub-bundle {c 9 5sfo} is £60, and the 
agent 27 currently holds a bid in auction c, so there is no risk in withdrawing from the other 
auctions. Applying equation (8) to all of the sets of auctions in the candidate set shows that this 
is indeed the optimal bundle to commit to now: there is no way of profitably satisfying {54z}, 

30 hence the agent 27 no longer pursues this aim. t 

If the agent 27 held no bids in any auction, equation (5) shows that the agent 27 would choose 
to bid for the bundle {fid£sfo) 9 giving an expected profit of £70. However, equation (8) gives 



PDNO 300201478 



26 

an expected profit of £44. The additional cost of de-committing from auction c and hence 
risking accidental purchase is not worth the j>otential gain of swapping to a different bundle. 

Now assume that the agent 27 holds the leading offer of £210 in the reverse auction 22a for 
5 {Sla} 9 giving an expected closing price of £200 if the agent 27 continues to participate in it. The 
expected profit of the current bundle is therefore £55, which is still less than the expected profit 
(according to (5)) of the sub-bundle {c y 5sfo\. However, applying equation (8) indicates that the 
agent 27 should not switch to this bundle. The probability of the agent 27 accidentally winning 
{Sla} is 1/3, resulting in receiving a payment of £210 but needing to purchase {la} from a 
10 fixed-price competitor at market value which is £260. The expected cost of this risk (16.7) is 
significantly higher than the benefit of de-<x>mmitting (5), so the current bundle should be 
maintained. 

However, applying the rewrite rules 30 and equation (8) to alternative options shows that there 
15 is a better alternative. Rather than using c to generate sfo, it can be used together with h to 
generate la at an expected cost of £200. / and d can then be used to generate sfo in a more cost- 
effective way. Hence, the optimal bundle to commit to now is {cJi 9 5laf/i,5sfo}. This gives an 
expected profit of £70. 

20 These examples demonstrate the different ways in which the algorithm can react to situations. 
The agent 27 implementing the algorithm 23 will often remain bidding for a certain bundle of 
goods and contracts. However, if this is no longer expected to be optimal according to equation 
(8), it will adopt an alternative approach. This may involve withdrawing from part of the bundle 
by de-committing from a reverse auction together with associated forward auctions. 

25 Alternatively, it may involve remaining committed to all reverse auctions but adjusting the set 
of forward auctions being used to purchase the required components. Finally, it may involve 
withdrawing completely from all auctions. At each stage, the agents 27 decision is determined 
by its estimate of the expected utility of pursuing different options. 

30 Finally, once the auctions have closed, the method 200 may include the further (optional) Step 
226 of updating the likelihood models 44 of the forward and reverse auctions which have been 
considered by the agent 27. 
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Having described preferred embodiments of the present invention, it is to be appreciated that the 
embodiments in question are exemplary only and that variations and modifications such as will 
occur to those possessed of the ap propriate knowledge and skills may be made without 
departing from the spirit and scope of the invention as set forth in the appended claims. For 
5 example, only service composition has been discussed in detail. However, the invention could 
be utilised for forming composite goods (lor instance, the manufacture of computers by the 
purchasing of individual components such as mother boards, displays, memory etc), or a 
combination of goods and services. The invention may also be applied to other types of forward 
and reverse auctions other than English forward and reverse auctions, such as sealed bid 
10 auctions and Dutch auctions, amongst others. 
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